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(54) Flame retardant thermoplastic composition containing aromatic polycarbonate resins and 
a rubber modified graft copolymer 



(57) A thermoplastic composition is provided exhib- 
iting reduced viscosity and desirable heat/humidity ag- 
ing properties. The composition includes (a) an aromatic 
polycarbonate resin, (b) a vinyl aromatic-vinyl cyanide 
rigid resin, (cfa graft copolymer having (i) a rubber sub- 



strate, (ii) a superstrate grafted to the substrate and (iii) 
a C 30 to C 108 polyacid, (d) a phosphate flame retardant, 
and (e) a tetrafluoroethylene polymer. The composition 
is useful for making molded articles such as business 
machine housings. 
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Description 

The oresent invention relates to flame retardant thermoplastic compositions, and more Particularly relates to flame 
retain! ^thelpTas.ic compositions containing an aromatic polycarbonate resin, a rubber modified graft copolymer, 
and a phosphate flame retardant. 

Description nf the Related Art 

Flame retarded compositions containing acrylonitrile-butadiene-styrene (ABS) copolymers, a phosphate, and a 
oolvtetraiurethyine materia, are known, see Haaf e. a... U.S. 4. 10 7,232, issued August 15 1978 Flame resent 
compositions containing (a) an aromatic polycarbonate (b) a ABS^raft copoymer (c) a ther- 
mXrpSyTer such as styrene-acrylonitrile coporymer. (d) a halogen compound, (e) a flame ^retardant synergist 
Td m a teSoroethylene polymer (PTFE) are known, see Lindner et al.. U.S. Patent 4,810,739 issued Ntorch 7. 
S KSVil flame retardants in ABS/aromatic polycarbonate blend composites w.th PTFE ,s 
buSS compositions can exhibit higher than desired viscosities for a given rubber loading level and ,zod 

bJZ^SoL blend compositions exhibiting reduced levels of viscosity without a reduction ,n .zod impact 
properties. 

Summary of the Invention 

The oresent invention involves a flame retardant thermoplastic composition comprising (a) an aromatic polycar- 
bonate r r?b)7vTnyl aromatic-unsaturated nitrile rigid resin, (c) a vinyl aromatic—rated n,,nle-rubber graf 
^Z coLm a 030-0,03 pofyacid, (d) a phosphate and (e) a .e«raf.uoroethy,ne = er. The compositions 
exhibit reduced levels of viscosity while maintaining Izod impact levels for a grven rubber loading. 

Detailed Description o f the Invention 

Athermopbstic composition is provided comprising (a) an aromatic polycarbonate resin present at a level of from 
60 to 97*™^ percent based on the total weight of the composition; (b) a vinyl aromatic-unsaturated n,tr, e r,g,d res,n 
o?e°en?aTa level o fton 2 to 1 5 percent by weight based on the total weight of the composition; (e) a gra copo yme 

I Sen a a eve o 2 2 to 10 percent by weight based on the total weight of the composition. said graft copolymer 
*„^^^J^e *fo a Tg of less than O'C present at a level of from 40 to 90 weight percent based 

T tn*i wpfaht oMhe crat Copolymer (ii) a superstrata grafted to said substrate, said superstate with a Tg greater 
^an 2 =C big rom a compound selected from .S. group consisting of viny. aromat.s, unsaturated nitnles. 

II ^aSats a nd mixtures thereof; and (iii) a po.yacid selected from the group consisting of c* to C,« 

alky I (alky I) «n"™» g nX by , based on the tota| we|ght 

f S5 teSoroethylene polymer present at a level of from 0.05 to 2 percent by weight based 

WfSloTJgSn rubber loading level, and further exhibits desirable heavhumidity ag,ng ,zod impact retention 

Pr ° P Th rt e e aromatic polycarbonate resin preferably comprises a moderate molecular weight V^f^^^ 
a J molecular weight polycarbonate. Preferably the aromatic polycarbonate res,n » present at a level of from 60 to 
90 perceX S t bied on the total weight of the composition-more preferably from 75 to 85 percent by we, ht 
ZZTltilZ J preferably from 78 to 82 percent by weigh, thereof. Preferably the moderate molecular weight poly- 
^ona, iTme is Present in the composition at a level of from 60 to 80 percent by weight based on the total we,gh 
o?r C ompoTon ^ f LTpr erably from^O to 75 percent by weight thereof . and most preferabfy from 7^ 
l lwZ »Z and preferably the low molecular weight porycarbonate resin is present at a leve. of from 0 to 15 
nl^nfbv we aht based on the total weight of the composition, more preferably from 2 to 15 percent by weight there* 
^^SS^^^^cJ^ weight thereof, and most preferably from 4 to 6 percent by weight thereof 
Polvcaio a^ e ns suitable for use in this invention, are preferably aromatic polycarbonate resins. With reaped 
to resins, these can be made by those skilled in this art or can be obtained from a vanety of 

omrSsou^es. They may be prepared by reacting a dihydric phenol with a carbonate PJ^T 
gene a haloformate or a carbonate ester. Typically, they will have recurnng structural un,ts ol the formula. 
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whereinAisad.alent aromatic ^a, oUhe di W 

the aromatic carbonate powers have an '"J^ containing two 

chloride at 25' C). By dihydric phenols is meam mononuclear u h ' > 

Tvoicaltv dihvdric phenols include 

«m «*»>»■ «* « ** ls a, '" h * d r.^ST h &dJUU*«* .,h« bis 

S5»=rs£E3^^ — 

Iran 2,2 -W-HY" roxyphsnyl) P"I»* ^"* A >. . „,„ . p,,,,,^, cftonai.) n*. Poly 

esters comprising recurring carbonate groups 
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and aromatic carbocyclic groups in ^^^^^^^^^^^ 
least some of thecabonategro^^ 

poly(ester carbonates) in general, are prepared by reacting a *"^ | 2^ ttfte '^ UC |i aroma , k: 8Cids. 
phtalic acid, terephthalic acid, homophthalic aod. o-, m- and ' P^ 6 ^^* 1 ^, ^ dihydric phenol and a 
such as diphenic acid, 1 ,4-na P htha„c a* mixtures 

range trom 9:1 to 2:8 in this preferred family of resins^ nrpfprab , v has a weiqht average molecular weight 

percent by weight thereof. nrtlumor e in this invention are prepared from the monovinyli- 

Suitable viny, monger). The compositional 

r oTSt— S "ma range from 95/5 to 50/50 preferabiy 85/1 5 to 60/40. Additiona. monomer 

the^TS^^^^ 

mers of methylmethacrylate with acrylonitrile and styren* ooh , mer ized either by emulsion, emulsion*uspen- 

continuous, semibatch or batch processes. 
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Thevinylaromatic-unsatura.ednitrile rigid po^mer is preferably a tow molecular weigh, po^ 
■ L? LTZte unsaturated nitrile rigid polymer may have a weight average molecular weight of between 1 0.000 
ZT£TT^^ZTsmLn6 50,000. Preferably the vinyl aromatic.nsaturated nitrile rigid polymer 
fs a styfene^ Suitable vinyl aromatic monomers and suitable unsaturated nitnle monomers are 

S6t Th^qlaH copolymer useful in the composition comprises (i) the rubber substrate, (ii) a rigid polymeric superstate 
„ ZZn tn the ffibber substrate and (iii) a polyacid selected from the group consisting of to C 108 potyacds. 

c^?2£<£ J *• ^ ^ com "° sition (9ran copo,ymer cornposi,io ) n) v T ' 

I l! 2 to 90 i oelnt by weight based on the total weigh, of the graft copolymer composition, more preferably from 
« o SS^ntTweigr. thereof, and more preferably 50 to 85 percent by weigh, thereof and most preferably from 
Z o 85 pe^en by wefgh. thereof; the rigid supers.rate is preferabty present at a level of from 10 to 60 percent by 
weigh? based o the total weight of the graft copolymer, preferabfy from 15 to 60 percent by weight thereof, more 
we ght based on we a preferably from 15 to 35 percent by weight thereof; and 

T^Z^£££fi^« a level of from 0.25 to 5 percent by weight based on the total weight of the graft 

Z^J^SS^™ <° 35 — < by wei9ht ,hereo *- and most pre,erab * from 1 5 to 275 percent 

^ ^amlTof'rubbery polymers for the substrate include: conjugated dienes. copolymers of a diene .with styrene 
Examples oi ruDoery po.y (preferably at least 65% by weight) 

^ m^S^S oSubbel; i.e. ethylene propylene copolymer (EPR) or ethyl- 
coniugatec dienes. ^^ n ^ e ^ M) . si|icone rubbers; or c , or c e alk y . acrylate homopolymers or copolymers 

9 HinJihPn^ene bu aSne isoprene and optionally graftable monomers such as, triallyl cyanurate, triallyl .socy- 

z^:xz^^^ ■ ^ adipate ' triaiiyi esters ° f ci,ric acid or mix,ur9s of 

25 '^^diene rubbers may preferably be polybutadiene, polyisoprene and copo^mers of butadiene with up to 35% 

P h l 5°/ bv weiaht of a polyfunction^ crosslinking comonomer, e.g. divinylbenzene, glycol-b.s-acrylates, 

«T^l 2 cm isheaVh structure, e.g. a core of diene rubber and a sheath of acrylate or vice versa. 
"^^JS^I^rnJi-r. normally utilized in preparing the rubber substrate of the graft polymer are 

generically described by the following formula: 
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* io yi *2 xs X" and X 5 is individually selected from the group consisting of hydrogen, alkyl groups con- 
wherem each Xi, X X : . X ™ ^""^^ bromjne Examples o{ diene s that may be used are butadiene, 

Se^ 

P Je oTcZ*™^ - butadiene-styrene. bu.adiene-acryloni.ri.e. or the like. The rubbery polymenc substrate 
oortion exhibits a qlass transition temperature (Tg) of less than about (£C. „„,„„, Qrc nr 

»s of one or more rubbery polymers previously described as substrate for preparing the graft polymers, or 
mixture! ^"nlr moTgraft polymers disclosed herein may also be employed. Furthermore, the rubber may comprise 
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eithG « Winy! aromatic monomers) which may be employed in making of the supe, 

^^T^T^^m styrene halostyrenes Le. dibromostyrene, mono or di alkyl. alkoxy or hydroxy 

™^ or methoUrene or mixtures thereof. The monoviny.idenearomat.c monomers ut.hzed are 

generically described by the following formula: 
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wherein each * . * ».« and * ™~ ^ 

of hydrogen 3?^, inc | Ude stV rene 4-methylstyrene. 3,5-diethylstyrene. 4-n-propylstyrene. a-methylstyrene. o- 
:XSoZ dichlorostyrene, dibromostyrene, tetrachlorostyrene mixtures 

melhy vinyl oluene, a c" J jdepe aromatjc monomers used are styrene and/or a-methylstyrene. 

* e 'toZ2s^X^ - combination with the monoviny.idene aromatic monomer and vinyl cyan.de mon- 
n^H?r to c alkvl or arvl substituted acrylate, C, to C 8 alkyl, aryl or haloaryl substituted methacrylate. acrylic 

fmide^ 

Seof Unsaturated nUrila (acrylonitrile or substituted acrylonitrile) or acrylic acid esters are desenbed generally 
by the following formula: 
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. . Q6 mau hB ^, PC , ed , rort1 the same group set out for R as previously defined and Y is selected from the group 
:^oTo £"££^9^^ the alkoxy group of the carba.koxy contains from one or about 
twelve Zbor atoms Examples of such monomers include acrylonitrile, ethacrylonrtnle, methacrylonrtnle. a-chlo o- 
LcrlnS e a^ omoacSonUrile, methyl acrylate, methyl methacrylate, ethyl acrylate, butyl acrylate, propylacrylate^ 
acrylon,t ,le a bromoacry^n , y » unsat urated nitrile monomer is acrylonitr.le and the preferred 

LTc Icid eters - XucrySe and methyl methacrylate. .t is a,so preferred that the acry.ic acid esters, when 
inrh iHPri are emoloved in combination with styrene or acrylonitrile. f . nnnniA 
The numbeTaverage molecular weight of the grafted rigid superstate is designed to be in the range o 10000 to 
350 So Te ratio of me first monomer to the second monomer may range from 100/0 to 50/50 preferably 85£5 to 
^AdSiona monomer(s) may optiona. rep te ce0to50%ofoneorbo.hof the first and second monomers. Preferred 

iSSSS^ Polymers J copolymers with up to SO'/, by weight of C,-C 8 alkylates, acrylonitrile or styrene. 
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.nnnivmers mav be polymerized either by emulsion or combined processes such as emulsion-sus- 
copo«ymers may be P^uced eimer ^ com,uc J^^^^^ZT^. compositi ons which comprise 

^h^^ »«« copcymers. bu.y.cry.a.e-s.yrene-acrylonilrile graft co- 

polymers, and acrylonitrile-ethylacrylate-styrene graft copolymers acryl0 nitrile- 

polyacki MM Th. antioxidan, may b. in .ha M an «r**W «™«m 

form of an admixture of polyacds. and .s preferab ^ s "^^* ^p^^i polyacid in the form of car- 
preferably substantially dimerized fatty acids andto .men* ed ^ P^J,^ ^ acid soaps , ha , are 
boxylate salts of the polyacid f uncfon are '^^^^ from the polymerLon of drying oil or 
useful in the emulsifying agents are soaps of su , na s linoleic acid, as well as 

semi-drying oil fatty acids. Suitable fatty acids inciuae poiyunsaiurdi« y ■ b 

oil fatty acids and 

mixtures ot ten, adds that contain "T^T^^^^^, p,.^. in t. p.ss.ncs of an 

Examples include the following but are not limited to these structures: 

GH J (CH 2 ),CH(CH 2 ) 7 COOH 
CH,(CH 2 )7CH=C(CH 2 )7COOH 
Acyclic 




COOH 
(CHj) 7 



(CH 2 ),COOH 
CH(CH 2 ) 4 CHj 



CH,(CHj) 4 



(CHj)tCOOH 



Monocyclic 



(CH 2 ) 4 
CHj 

Bicyclic 



linear dimer acids: 
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CH 5 (CH,); 



CH,(CH 2 ) 




<CH,) 7 COOH 
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Each R7 is preferably a hydrogen or aliphatic hydrocarbon radical (alkyl) having from 1 to 1 8 carbon atoms and is more 
preferab I ^fTe foTula (CH 2 ) X wherein x is from 1 to 22. Dimer fatty acids may be formed by dimenz.ng atty acds 
conS ethySnkages and from about 1 4 to about 22 carbon atoms in length. Monobas,c acds wh.ch d.menze 
to S ZS™ lustrated above inc.ude: oleic, e.aidic, palmitolaic. linoleic, linolenic, hcan.c arachidonrc. erucc, 
^SS!^L^. etc. in commercial practice natural* occurring mbctures of these acds are generally ern- 
p oved Vor P ? 0 duction of dimerized fatty acids. Such acids may be derived from sources such as tall o.l fatty acds, 
San mLlarease) fatty acids and vegetable oils, e.g. soya, linseed, cottonseed, and other o,ls comprised of 
^S£^^S£SL in general the dimerization is carried out by heating the monomeric acid at an elevated 
without a catafyst, while avoiding cracking and decarboxylation. U.S. patents 2,482,761. 
2 GS4 429 2 793 219 2 793 220, 2,955,121 , 3,076,003, 3,507,890 and 3,925.342 describe d,menzat,on ,n further de- 

conto trimerSd fatty acids, which are tribasic acids formed as a by-product through the polymerization of three 
nStaTSwJi*.. Higher pofybasic acids such as te.racarboxylic «*) acid and hexacarboxyl.c <C 108 ) acds 
may a^o be pre 111 In addition, the commercial products may contain small percentages of .somenzed monobasic 
SoT unnSSTor fully saturated monomeric monobasic fatty acids which did not pofymerize or wh.ch were not 
remteda^^ 

ofThillnvent on preferably comprise a product having not more than about 70% tribasic acd and for very low non 
iuicia oZSr^s not more than 10% monobasic acids. And preferably not more than 5% by weight monobasic 
SK^TSbI weight of the polyacid component. The dimerized acid content is preferably at least 75% by 
w^^qht based on t he t0 , a | weight of the surfactant. For improved color, the dimerized fatty acds may be partially o 
jT^Z me^L in a subsequent reaction step as described in Chapter 5 entrtled -^g«^on o 
wtSrJwy Acids in .ndustr/ edited by Robert Johnson and Earle Fritz and published by Marcel 
DekkeMn NY NY All dimer acids are liquid at 25°C even though their number average molecular we.ght ,s typ.ca. y 
above 500 (for example, about 560). The dimerization process may produce a mixture of monoacds, d.acds triacds 
anThigher polymeTc acids. Preferably more than about half of the dimerized acid is comprised of isomers with acyclic/ 
cyclic aS or aromatic structures. The cyclic structures include monocyclic and bicyclic aliphatic and aromatc 
S The cyclic structures generally form during the dimerization process, but their mode of formation ,s no 
SS o this Invention It is further more important to note that there is no rosin acid, abietic acd or derrvatives thereo 
presenl ! inTes" ^compositions in par. because such materia.s as abietic acid can be undesirably vo.afle and can result 
in juicing. 
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«r a r tn r aromatic arouD Furthermore, even these phosphoric esters having no sub- 

s^en^t^ 

" IT^e.erS a" 'Z^S^. Particufarry. a methyl group is most preferred, due ,o the balance 
R8 IS preferably a metnyi or isop w« f resistance and blooming on the one hand, and the cost of the 



formula 



0 

QO P OQ 

OQ 



i e thomnf which each Q represents the same or different radicals including hydrocarbon radicals 

^J^^S^t ^ a level of from 3 to 1 2 percent by weight based on the total weight of the 
com^si,^ 

'"''The tetraflouroethylene polymer is preferably present at a level of from 0.05 to 2 percent by weight based on the 
total ^^^po^. mor. preferably from 0.1 to 0.5 percent by weigh, thereof and most preferably from 
0.2 to 0.4 percent by weight thereof. 



Examples 



Anin fl , es t is oerformed in temperature and humidity controlled oven for "wet Aging- or in air circulated oven for 
drv iS Samp es ^exposed to presided conditions for various period of time and the physica. property were 
^^S^ing. Th' aging conditions are in the rages described as follows: 



Temperature: 40C - 90C 
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Relative humidity: Dry air, 30% - 100% 
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Examples 


A 


R 

O 


1 


PC1 

Imw PC2 
Imw SAN 2 
ABS1 
ABS2 
ABSPA3 

RDr 

PTFE 

Rubber Content (%) 


72. So 
7.97 
2.5 
8 

8 

0.2 
4 


72.58 
7.97 
4.79 

5.71 

3 

0.2 
4 


72.58 
7.97 
5.19 

5.31 
8 

0.2 
4 


Kaveness Viscosity (500 F) 








500/s 
1000/s 
1 500/s 


3670 
2755 
2091 


3780 
2788 
2118 


3387 
2491 
1867 


Izod - Heat/Aging 








Control 
4 Days 
7 Days 
11 Days 
21 Days 
28 Days 


13.2 
12.1 
11.8 
11.9 
9.9 
8.9 


14 

13.3 

13.1 

12 

11 

11 


13.8 
12.4 
12.4 
12.1 
11.2 
10-8 





TABLE 2 





C 


2 


3 


PC3 

ABS1 

ABS2 

ABSPA-3 

ABSPA-4 

SAN1 

RDP 

PTFE 

Rubber Content (%) 


80.55 
0 

8.6 

0 

0 

1.9 
8 

0.2 
6.00 


80.55 
0 
0 
8 
0 

2.5 
8 

0.2 
6.00 


80.55 
0 
0 
0 

8.1 
2.4 
8 

0.2 
6.00 


Kaveness Viscosity (500 F) 








500/s 
1000/s 
1 500/s 


3379 
2667 
2132 


3212 
2570 
2021 


3113 
2459 
1950 


Izod (ft-lb/in) 


Aaina Conditions: 63 C/100%RH 


Control 


11.5 


| 11.8 


| 11.5 
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TABLE 2 (continued^ 




26 ' 00 P°TFE is a tetmfluoroemylene po^ ^ copQ , mer naving . 



weight average molecular weight 
weight average molecular weight 



SAN 1 is a moderate molecular \ 
°* T * ^2 is a low molecu.ar weight styrene-ac^nitrile copolymer hav.ng a , 

Imw SAN 2 is a low n gubstrate 



« aP °S-4i S anac^^ 

a polyacid. 



74% by weight rubber substrate containing 
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Claims 

w a oratt copolymer present at a levei u 
(c)agraucoH y ft olymer CO rnpnsing 

composmon, sa.d graft cop go ^ based 

u . o, a W Hh a To of less than O'C present at a level ot irom 

SSsgSSsssssssss as 

from a cornpu _ . 

acrylates and ^^^te gr ou P consisting of C 30 to C 108 
Croapo^acidselectedfromtheg 

°e)^M^^'^^^ polymer present at a level of Irom 0.05 to 2 percent by we g 
50 weight of the compos.t.on. hisohenol A polycarbonate resin, said 

v „ of Claim 2 wherein said phosphite is an aromatic phosphate. 
3. The composition of Claim * w 
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SUSS « « ,Mal 01 m * c °°" 1 

The composition of Claim 2 wherein said styrane-acrylonilnle copolymer has a weigh! average molecular weighl 
ol Between 10.000 and 60.000. 

,„ „ O* 5 *«* »•« s ¥ .n^on»,«e coporyme, is p.e,« e, a M - beiween 3 and 0 

T , w o,i«o 1 C B , m -wh,,einsaidp^a,isp,esen,a,a,a,.,o,^ S1 o,Op.^h»w.i 3 -- 
on the total weight of the composition. 

„, to *C« ' „he,.in» ai e,^.h > ,.n.P*n«,sp r .sen,.,a,e»e,o„,o.O, ,o0,pere,n, 
oywlighl basad on Ih. »lal weigh! of Ihe ■> 
j. Alhermopiaslioresincomposilioncompnsing 

pres.nTa, a »l o. i.om 60 .0 80 =0 * £££ nJ*=* w.igh.0. be.we.n 2.000 

-^rp^^^^^ 

b=^;ir tzzs ;rr »u. * -* — — - - - 

conwSsilion. said go* copolymer comprise 

(i)anJ hh.rsoh.,.a 1 ewi,a T go,,».«0-0p,esen,a,.,e»e,o, lro m a o,o 8 0we,,h,pe,c„, t ased 

on the total weight of the graft copolymer; with a Tg grea ter than 20°C being derived 

^spha,.p....n 1 .,a,e,e 1 o 1 „»mO,o, 2 peroen,P,.eign,Pasedon,..o B ,we,gh,o 1 

of the composition. 
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